The increasing global climate problem caused by excessive carbon emissions results in global carbon emission reduction governance becoming a top priority and requires close international coordination. Group of Twenty (G20) is gradually becoming the leading agency of global carbon emission reduction governance, but the unbalanced development among G20 countries has hindered the full play of G20's role. Thus, this paper aims to examine the interrelationships among economic development mode, economic development level, and energy factors including energy use efficiency and structure in 19 G20 countries over the period 1990-2015. Considering the panel heterogeneity and the endogeneity of variables, a series of heterogeneous panel analysis techniques are employed in this paper. The empirical findings suggest that for the panel, the improvement of energy use efficiency and the optimization of energy use structure can help to achieve a low-carbon development mode, implying that some international agreements such as the Copenhagen Accord and Paris Agreement on Climate Change are necessary, binding, and effective. However, for individuals, energy factors and development level influence development mode differently across countries, revealing that each country should formulate specific policies that are consistent with its own actual situation. Finally, this paper discusses the role that G20 can play in the global carbon emissions reduction governance, which provides a reference for global low-carbon and sustainable development.
Introduction
Energy consumption is the inevitable supplementary of the development of an economy, but it also produces a lot of carbon dioxide (CO 2 ). Therefore, the interrelationships among energy consumption, economic growth, and environmental issues like CO 2 emissions, have become a hot spot for researchers trying to solve the environmental problems without hindering economic development. Many scholars tried their best to explore the relationships among energy consumption, economic growth, and CO 2 emissions, and obtained rich outcomes [1] [2] [3] [4] [5] . The four hypotheses have been suggested by many researchers [3] [4] [5] [6] . However, the academic community has not reached a unanimous conclusion about the direction of causality between economic development and energy use, although numerous studies revealed that energy use can promote economic development and CO 2 emissions [5] [6] [7] [8] . Besides, it is Recently, increasingly more scholars have believed that there are nonlinear relationships among energy, economy, and the environment, and the Environmental Kuznets Curve (EKC) model has been widely used by scholars to explore these relationships. For instance, Kaika and Zervas gave a detailed introduction to the basic concept and emergence causes of EKC, and the main research results on carbon emissions using the EKC method [41] . Liobikien and Butkus examined the impact of energy efficiency and renewable energy consumption on greenhouse gas emissions under the EKC framework, holding that increasing energy efficiency and promoting renewable energy consumption can help achieve the EKC occurrence [42] . Azam and Khan explored the EKC in four countries with different income levels and found that EKC existed in low and lower middle income countries, but no EKC was found in upper middle and high income countries [43] . Kais and Sami divided 58 countries into three regional sub-groups to explore the relationship between carbon emissions and GDP per capita in the global panel and three sub-panels, respectively, and verified that there was an inverted U-shaped curve between the two variables, that is, the EKC hypothesis was supported [44] . Bilgili et al., investigated the relationship among carbon emissions, per capita GDP, and renewable energy consumption in 17 OECD countries under the EKC framework, finding that EKC existed for the panel and was not affected by the income level of individual countries where the EKC hypothesis holds, and stating that the development of renewable energy can help to reduce carbon emissions when developing the economy [45] . Generally, the studies on the EKC framework reveal the economy-environment-energy nexus in a perspective differing from logarithmic or semi-logarithmic models, which enriches the theory and methods of studies on economy-environment-energy linkages.
In line with the above discussion, there are a series of proven methods in terms of exploring the relationships among CO 2 emissions, economic development, and energy use, which are very useful references for us. However, many studies on the relationship between energy, economy, and carbon emissions are based on a linear logarithmic model, which normally adopted absolute values of CO 2 emissions, economic development and energy use, whose results reflected the intuitive quantitative relationships among variables, rather than further highlighting the deep economic and social implications behind these quantitative relations, like the nexus among economic development mode, energy efficiency, energy structure, and economic development level. Besides, as the absolute values of different countries vary greatly, the panel analysis results cannot characterize the real situation of each country.
Currently, with the increasing global climate problems, the international community has placed greater emphasis on global climate governance. Among them, global carbon emission reduction governance has become a top priority. It should be noted that the realization of global carbon emission reduction targets urgently requires close international coordination and collective action, and countries in the world are not lacking the impetus to participate in global carbon emission reduction governance. However, inter-subjective game of interests, conflict of value ideas, mechanism conflicts, and the distribution of power and responsibilities are intertwined, making the global carbon emission reduction governance process falter and difficult to make breakthroughs. In particular, the institutional contradiction between the unified needs of governance and the fragmentation of governance institutions is very prominent, because the related carbon emission reduction governance organizations or institutions are scattered and dispersed, presenting a highly fragmented state of self-governance, multi-channel governance, and low-efficiency compounding, which lacks a unified governance mechanism that combines global legitimacy and enforcement efficiency. Under the background that existing mechanisms cannot effectively meet the challenges of global carbon emission reduction governance, the Group of Twenty (G20), as the premier forum and core mechanism for global economic governance, has gradually incorporated global carbon emission reduction governance into its main agenda, has launched a series of policy measures on carbon emission reduction governance, and has gradually become the leading agency in coordinating global carbon emission reduction governance. However, there are obvious differences among G20 member states in promoting the global carbon emission reduction governance within the G20 framework, as a result of the different development modes and levels. Hence, this paper aims to adopt the panel analysis techniques to investigate the interrelationship among economic development mode, energy factors involving energy use efficiency, and structure and economic development level in 19 G20 countries, except the European Union, which can help to understand G20 countries' dilemma in the global carbon emission reduction governance. Totally, the contributions of this paper can be concluded as below:
(1) Most researchers use panel data when explaining the dynamic linkages among CO 2 emissions, energy use, and economic development. It should be noted that the selection of panels is a main criticism for these studies. The heterogeneity of the analyzed panels of countries is non-negligible, and cross-sectional dependency may exist. Thus, this study adopts the heterogeneous panel estimation techniques considering cross-sectional dependence to complete the research. (2) Few literature studies the relation among economic development mode, economic development level, and energy factors in G20 countries, causing the theme of this paper to be of great theoretical and practical significance. Besides, the elasticities estimated by the panel model can reflect not only the cross-sectional nature, but also the time dimensions of the panel compared with the time-series-based studies. Moreover, the variables reflecting economic development mode, energy factors involving energy use efficiency, and structure and economic development level, like CO 2 emission intensity, energy consumption intensity, fossil energy consumption share, and GDP per capita, are used in this paper. By this way, the panel estimation results can reveal the deep economic and social relationships behind the analyzed variables regardless of the sizes of the examined countries, which are helpful for policy making.
The rest of this paper is organized as follows. The data resource, descriptive statistics of variables, and model adopted in this paper are reported in Section 2. The major econometric methodologies are reported in Section 3. The empirical findings and interpretations of the results are presented in Section 4. Finally, Section 5 summarized the conclusions, puts forward several related policy remarks, and discusses the role of G20 in global carbon emission reduction governance.
Model, Data and Descriptive Statistics

Model and Data
As suggested by previous studies [11, 18, [21] [22] [23] , energy factors and economic growth have significant effects on CO 2 emissions. To explore the interrelationships among economic development mode, energy factors involving energy use efficiency, and structure and economic development level from a deeper perspective, this paper proposes a simple model where four representative variables are involved:
where i presents the G20 country and t is time period. CEI is the CO 2 Figure A1 ), and the model with a time dummy variable is proven to be not ideal (Appendix B, Table A1 ). Therefore, according to previous related researches [8, 10, 13, 21] , the logarithmic linear function is constructed as below:
where β 1 , β 2 , and β 3 are elasticities of CEI with respect to ECI, FECS, and PCGDP, respectively, and µ it is the error item. Although the EU is also a member of G20, it is not an independent sovereign state and is thus not included in the examined sample.
Descriptive Statistics of Variables
The descriptive statistics for the examined variables in the panel and 19 G20 countries are listed in the Appendix C (Table A2) , from which it can be inferred that there is heterogeneity across countries for the variables, because the mean and median values vary in different countries. Moreover, the mean and median of most variables in each country are similar, and the p values of their Jarque-Bera (JB) [46] statistics are greater than 0.05, meaning that the hypothesis that they are normally distributed cannot be rejected at the five percent significance level. However, for the panel, the JB test rejected the null hypothesis of normal distributions for all variables, which reflects the heterogeneity across countries for the variables again.
The correlations among the studied variables in panel are presented in Table 2 , indicating that CEI has positively significant correlations with ECI and FECS, but a negative correlation with PCGDP. Besides, the results also show that PCGDP has a negative correlation with ECI and a positive correlation with FECS. The correlation results for the panel data reveal that CEI and ECI are strongly related, CEI and FECS, as well as FECS and PCGDP, are moderately related, and the other variables are weakly related. Whatsoever, there is significant correlation between any two variables, indicating that it is feasible to explore the equilibrium relationship among these variables. 
Econometric Methodologies
Cross-Sectional Dependence Test
It is worth noting that because of the regional and macroeconomic linkages that have a common impact with the world, such as the Asian financial crisis, U.S. subprime mortgage crisis, and international trade policies, cross-sectional dependence among the explored countries may exist. Therefore, it is necessary to perform a cross-sectional dependence test before performing the next works. According to Pesaran [30, 31] , this paper adopted the general cross-sectional dependence (CD) test in panels to examine the existence of cross-sectional dependence. Assuming that the standard panel data model is expressed as follows:
The null hypothesis supporting that there is no cross-sectional dependence is as follows: H 0 : θ ij = θ ji = cor ij , ji = 0, for any i = j, while the alternative hypothesis is as follows:
where θ ij is obtained by the following:
According to Formula (4), the CD test statistic is as follows:
whereθ ij are the correlation coefficients calculated from the model. The CD statistic is a standard normal distribution. The null hypothesis of CD test is cross-sectional independence, while the alternative hypothesis is cross-sectional dependence.
Panel Unit Root Test
Before further empirical analysis, it is necessary to confirm the variables' stabilities via unit root tests, aiming to prevent spurious regression. The first generation unit root tests, such as the Breitung test [32] , LLC test [33] , IPS test [34] , PP-Fisher and ADF-Fisher test [35] , are widely applied. However, for panels with a CD issue, these methods usually over-reject the null hypothesis, that is, considering an unstable sequence as a stationary sequence [30] . Thus, to accurately reflect the stationarity of sequences with cross-sectional dependence, according to Pesaran [31] , a second generation unit root test approach, called a cross sectional augmented IPS (CIPS) test, is performed based on the cross-sectional augmented Dickey-Fuller (CADF) regression, which can be reported as below:
where
y it /n, and ∆ represents the difference operator. If there is serial correlation in the data, the extended model can be expressed as below:
where p is the lagged order determined by Akaike information criterion (AIC) and Schwarz information criterion (SIC). Formula (7) presents the extended CADF regression for the i-th individual. Accordingly, the t statistic of b i can be obtained, regarded as CADF i . On this basis, the CIPS statistic is obtained by the following:
The null hypothesis of the CIPS test is that there exists unit roots, indicating that the sequence is non-stationary. By considering CD issue and heterogeneity, CIPS is regarded as a widely used second-generation panel unit root test.
Panel Cointegration Test
If the variables are of the same integrated order, it is necessary to explore the existence of a cointegration relationship among variables. Pedroni [36, 37] proposed a panel cointegration test technique, according to the following formula:
where α it and β i reflect the country-fixed and time-fixed effect, respectively; and ε it is the residual reflecting the deviation from the long-term equilibrium. γ 1i , γ 2i , and γ 3i mean the elasticities of CEI it pertaining to ECI it , FECS it , and PCGDP it , respectively. The cointegration relationship among the analyzed variables is examined via testing the stationarity of ε it , that is, for the following formula:
The null hypothesis is H 0 : ρ i = 1, indicating that ε it is non-stationary, that is, the studied variables are not cointegrated. Pedroni's panel cointegration test contains seven statistics that are all of the standard normal distribution.
Panel Data Model Estimation
If the examined variables are cointegrated, determining the values of coefficients of every variable is necessary, which can reflect the long term-relationship among LCEI, LECI, FECS, and LPCGDP. For panel data, the approaches used to determine the cointegration relationship mainly include the OLS method, the FMOLS method, and the DOLS method.
The asymptotic behavior of the regression coefficients in the panel cointegration regression model is very different from that in the time-series cointegration model. Kao and Chiang [47] studied the limited sample properties of the OLS technique and the t statistic and its biased modified OLS statistics and t statistics, finding that the biased statistics do not improve the properties of the estimation, revealing that the FMOLS and DOLS estimators should be considered in the panel co-integration regression model. When the panel model estimation is performed by the OLS method, the endogenousness in the regression statistics may cause non-consistency in the estimated statistics [47] . Therefore, Pedroni [48] proposed the FMOLS method, while Kao and Chiang [48] and Mark and Sul [49] developed the DOLS method for panel cointegration estimation.
In empirical studies, many literatures have used FMOLS and DOLS methods for parameter estimation. However, Perron and Ng [50] pointed out that the FMOLS estimator does not perform well in some specific situations, such as with a small sample size, or the moving average model with a near unit root. Breitung [51] showed through simulation that the two-step estimation method can reduce the possibility of biased estimation in small samples compared with the FMOLS and DOLS techniques.
Heterogeneous Panel Causality Test
It is of significance to examine the causal relationship among the variables, which can reflect the short term nexus. According to Granger [24] [25] [26] , if the conditional distribution of variable y, which is determined by the lagged values of y, is equal to that defined by the lagged values of y and x, this means that x can Granger cause y. However, for panel data models, the heterogeneity between cross-section units may cause the causality to vary across individuals, while the overall causal relationship is significant for all individuals [24] . To deal with the heterogeneity between cross-section units, Dumitrescu and Hurlin [52] developed a pairwise panel causality test method (D-H test) that is suitable for heterogeneous panel models. Assuming the following formula:
The null hypothesis of homogeneous non causality (HNC) can be expressed as below:
While the alternative hypothesis can be the following:
The D-H panel causality test allows for the regression coefficients of each cross section to be variable, so the Z statistic is the average of multiple Z statistics, called the Z-bar statistic. The Z-bar statistic of D-H test converges to a standard normal distribution, and the calculation process of the Z-bar statistic is described in detail in Dumitrescu and Hurlin [52] . Moreover, the D-H test requires the examined variables to be stationary, so the differential data should be used when the variables are not stationary at their levels. Table 3 reports the results of the CD test. According to Table 3 , the three studied variables, LCEI, LECI, and LPCGDP, and the overall group completely rejected the null hypothesis supporting cross-sectional independence, while the null hypothesis of cross-independence cannot be rejected for FECS. Hence, the first generation panel unit root test techniques are suitable to examine the stationarity of FECS but not suitable for LCEI, LECI, and LPCGDP, indicating that the second generation panel unit root test technique, like CIPS, should be adopted. 0.0000 *** 0.0000 *** 0.0000 *** 0.1481 0.0000 *** Notes: *** indicates the rejection of null hypothesis at the 1% significance level.
Empirical Findings and Interpretations
CD Test
Panel Unit Root Test
As examined before, among the four variables, CD issue exists in ECI, CEI, and PCGDP. Therefore, this paper uses the CIPS method to test their stability. For FECS, which has no CD problem, the LLC and ADF-Fisher methods are employed to test its stationarity in this section. Table 4 gives the results of the unit root test, which shows that all variables are not stable, but after the first-order difference, all the sequences are stable. Therefore, it can be considered that all the sequences are integrated in the first order, that is, I (1). According to the results, the existence of a cointegrating nexus will be examined in the following section. Table 5 gives the results of panel cointegration test. Among the seven test statistics of Pedroni residual cointegration test, five support that there is a long-term equilibrium relation among the variables. Therefore, as suggested by Pedroni [36, 37] , it can be inferred that LCEI, LECI, FECS, and LPCGDP share a long-term equilibrium relation. Meanwhile, this paper explored the cointegration relation among the variables applying two other techniques proposed in the works of [53] and [35] . As given in Table 5 , the two tests also support that there are cointegration relationships among the analyzed variables. Notes: *, **, and *** denote the rejections of null hypothesis at 10%, 5%, and 1% significance levels, respectively. CE means cointegration equation.
Panel Cointegration Test
Panel Data Model Estimation
Because of the endogenous issues and serial correlation, a conventional OLS estimator may be biased. Therefore, DOLS and FMOLS techniques are adopted in this section to determine the elasticities of CEI on ECI, FECS, and PCGDP. Table 6 lists the results, showing that in both models, the signs of the coefficients for each variable are identical and so is the significance, but the values are slightly different. Specifically, for DOLS model, when ECI and FECS increase by 1%, CEI will increase by 0.92% and 1.60%, respectively, while when PCGDP increase by 1%, CEI will decrease by 0.08%. For the FMOLS model, the same increase rate of ECI and FECS will raise CEI by 0.86% and 1.63%, while that of PCGDP will make CEI decrease by 0.13%. The results of DOLS and FMOLS hold the opinion that with the improvement of energy efficiency, the optimization of energy structure and the development of economy, the CO 2 emissions intensity will reduce consistently in the selected samples. According to these findings, it can be asserted that a low carbon development mode is feasible and some policies on energy use and economic growth should be proposed to achieve this mode. Figure 1 reports the fitting performances of the DOLS and FMOLS models in panel, from which it can be seen that the gaps between the fitted values and the actual values of LCEI, namely, the residuals of the models, are tiny, denoting that the established models have a good fitting capability. Further, the autocorrelation test results of residual diagnostics based on the Q-statistic are listed in Table 7 , showing that there is no autocorrelation in the residual series of the two models, that is, the estimated results of DOLS and FMOLS are valid, and the parameter estimates are consistent. Meanwhile, the robustness of the panel estimated results to the inclusion or exclusion of particular countries are examined using the leave-one-out (LOO) analysis, which is widely used in the field of machine learning algorithms [54] [55] [56] . In this paper, the idea of LOO analysis can be as follows: on the basis of the original panel set, remove any one country, and the remaining countries constitute a new panel, then re-estimate the new panel and compare the results with the original panel estimation results, so as to analyze the impact of removing a country. The purpose of LOO analysis is to test whether the estimation results critically depend on the presence of one particular country in the sample or not. According to Figure 2 , which represents the proportions of GDP and CO 2 emissions of 19 G20 countries to the total in 2015, the USA and CHN are the two most important countries in G20, whose total GDP and CO 2 emissions exceed the sum of all remaining 17 G20 countries. Moreover, on 1 June 2017, the current President of the United States, Donald Trump, announced that the United States will withdraw from the Paris Agreement [57] , which has triggered a strong reaction from the international community, will surely affect the realization of global carbon reduction targets [58, 59] . Subsequently, on the 2 June 2017, China stated that the Paris Agreement embodies the broadest consensus of the international community in addressing climate change, and all parties should jointly cherish and safeguard this hard-won result [60] . Besides, China reiterated that they will strictly abide by the Paris Agreement. China is currently actively implementing the proposed target of controlling greenhouse gas emissions by 2020 and has submitted to the United Nations the action goal of "National Independent Contribution" by 2030. There is no doubt that the attitudes of China and the United States towards the Paris Agreement, in other words, towards the carbon emission reduction, have a significant impact on the achievement of global carbon emission reduction targets, and will also seriously affect the status and role of G20 as a leading agency in global carbon emission reduction governance. Therefore, in this section, the LOO analysis of USA and CHN is performed and the results are shown in Table 8 . From Table 8 , it is clear that after removing USA or CHN from the panel, the sign and significance of the coefficients of the explanatory variables have not changed, while the values are quite different from the original ones shown in Table 6 , revealing that the presence of USA or CHN has a significant effect on the estimation results. Specifically, in both LOO models, the absolute value of the LCEI's coefficient decreases, while the absolute values of the FECS and LPCGDP coefficients increase greatly, indicating that under the new panel model of removing USA or CHN, the increase in energy intensity will increase carbon intensity more insignificantly, while the increase in the fossil energy consumption share can increase carbon intensity more greatly. At the same time, the improvement of economic development level can reduce the carbon intensity with a greater magnitude. Based on the above results, if China or the United States withdraws from the G20 global carbon emission control system, the fossil energy consumption of the remaining G20 countries will have a more significant role in promoting the carbon intensity, while the economic development can more significantly reduce the carbon intensity, showing that both China and the United States are indispensable powers of the G20 global carbon emission reduction governance system. It is important to note that this paper further conducted a LOO analysis for all remaining G20 countries (Appendix D, Table A3 ), showing that after removing any of the other G20 countries, the new panels estimation result is quite different from the original panel estimation result, but similar to those of the leave-USA-out and leave-CHN-out models. This is because of the use of ratio-typed variables (carbon intensity, per capita GDP, energy intensity, and fossil energy consumption share) in this paper, which largely eliminates the scale differences between countries. Furthermore, in order to analyze the dynamic and specific impacts of energy factors and economic development level on CEI in each country, this paper will use the FMOLS method to explore the long-term elasticity of ECI, FECS, and PCGDP regarding CEI in the following section, which can reveal the impact of various factors on carbon intensity from the individual level.
D-H Panel Causality Test
Before testing the causality between variables, it is necessary to elaborate on the choice of the lag lengths of the causality test, because the causality test results are known to change depending on the lag orders used. Table 9 displays the results of lag order determination of the panel causality test, showing that the lag order should be 2, based on AIC and SC criteria. Further, to examine the sensitivity of the causality test to the lag order, this paper gives the results of the causality test under the lag orders of 1 and 3, because there are criteria supporting the lag order of 1 and 3, as shown in Table 9 . Table 10 reports the results of the D-H causality test, from which the bidirectional causal relationships between LCEI and LECI, FECS and LCEI, and FECS and LECI are found, revealing that energy factors including energy use efficiency and energy use structure have significant effects on the economic development mode in the examined countries. Meanwhile, the results in Table 10 witness the existence of the bidirectional causality between FECS and LPCGDP, indicating that fossil energy consumption is still an important driving factor for the economy level in the examined samples. Moreover, the unidirectional causalities from LPCGDP to LCEI and LECI are discovered, holding the view that economic development level helps to change the development mode and has significant effects on energy use efficiency. Notes: *, **, *** mean the rejections of null hypothesis at the significance levels of 10%, 5%, and 1%, respectively.
Furthermore, according to Table 10 , when the lag order is 1, the causality between any two variables is bidirectional, which is different from the result of lag-order-2 model, indicating that the choice of lag order has a significant influence on the result of causality test. In addition, the result of the lag-order-3 model is different from the result of lag-order-2 model and is also different from that of the lag-order-1 model, indicating again that the causality test result is sensitive to the choice of lag order. Therefore, when performing causality tests, it is necessary to accurately select the lag order in order to avoid biased results.
Long-Term CEI Elasticities for Individuals
The influence of the examined three variables on CEI in panel was analyzed before, and this section focuses on exploring the effects of ECI, FECS, and PCGDP on CEI in every country, which reflects the long-term elasticities of CEI on ECI, FECS, and PCGDP and is significant to learn the dynamic and specific impacts of energy factors and economic development level on CEI in each country. The long-term CEI elasticities are defined by employing the FMOLS technique, and the results are presented in Table 11 , from which several meaningful findings are discovered: . For these countries, the decrease of ECI, indicating the improvement of energy efficiency, will help to decrease the CEI and achieve a low-carbon development mode, which is consistent with the results of some previous studies [21, 23] . However, for countries like BRA and ITA, ECI is not a significant factor influencing CEI, this may be because these countries use more clean energy, like hydro-power and nuclear-power, which produce few CO 2 emissions. Totally speaking, it can be inferred from these findings that improving energy use efficiency, which can reduce CO 2 emissions, should be an important policy in most analyzed G20 countries. , the CEI elasticities with respect to PCGDP are significantly negative, revealing that the improvement of economic development level helps to achieve a low-carbon development mode in these countries. The economic development in these eight countries depends less on energy consumption (RUS sells its energy instead of using it heavily), so the increases of PCGDP in these countries increase GDP but produce fewer CO 2 emissions, causing the decreases of CEI. However, the elasticities are not significant for CHN, GBR, JPN, and TUR, implying that the economic development will not influence CO 2 emissions significantly. This may be because of the fact that the economic development modes are stable in the long-term in these countries and the changes of PCGDP affect CO 2 emissions and GDP synchronously. Thus, for these four countries, governments can develop economies following the previous paths and should pay more attention to other factors influencing CO 2 emissions, such as energy consumption structure and energy use efficiency. (4) There are two countries, IDN and SAU, that are worth noting because of the low R-squared of their models, indicating that the model cannot effectively reflect the relationships among variables in the two countries. For IDN, PCGDP has a significantly positive effect on CEI, while other two variables have not, indicating that energy factors are not the significant drivers of CO 2 emissions, and some pivotal factors affecting CEI may be missing, which may be the reason why the R-squared is low. For SAU, all variables have significant effects on CEI, but the CEI elasticities with respect to FECS (-2643.5) and PCGDP (574.04) are abnormal. As we know, SAU is a developed country that depends greatly on oil consumption and exports, causing the fact that the FECS in SAU closes to 100% during the examined period and the increase of PCGDP will lead to a huge amount of oil consumption, and then increase CO 2 emissions greatly. Overall speaking, the low R-squared in IND may be because some significant factors are ignored, while that in SAU may be because its economic development mode is abnormal. Notes: R 2 and Ad-R 2 mean the R-squared and adjusted R-squared of the model. *, **, and *** denote that the coefficients are significant at the significance levels of 10%, 5%, and 1%, respectively, and numbers in parentheses are p-values.
Conclusions and Discussions
Conclusions
This paper explored the relationships among development mode, development level, and energy factors, adopting a panel data of 19 G20 countries during the period 1990-2015, which is distinguished from the variables and samples choices of most previous studies [8, 12, 13, 15, 29, 39, 40] . Specifically, CO 2 emission intensity and GDP per capita are adopted to describe the economic development mode and level. Energy factors include energy use efficiency represented by ECI, and energy use structure reported by FECS. Heterogeneous panel estimation techniques are applied in this article to explore the relations among the above four variables, considering the CD issue, heterogeneity, endogenous problems, and serial correlation, which perhaps exist in the panel model.
In many cases, the cross-sectional independence hypothesis was invalid for panel models, while it was ignored by some studies [7, 16] , which may cause the unit root test results to be unreliable. In this paper, the three variables (LCEI, LECI, and LPCGDP) were proved to be cross-sectional dependent, while FECS was proved to be cross-sectional independent by the Pesaran CD test. Therefore, the first generation panel unit root test methods were used for FECS and the second generation techniques, such as CIPS, were used for the other three variables. The results showed that the four variables were all non-stationary at levels but stationary at their first differences, which was consistent with some previous studies [12, 22, 39] . On this basis, three panel cointegration test approaches, Pedroni, Kao, and Fisher-type Johansen cointegration tests, were employed, suggesting that the long-term equilibrium among the analyzed variables existed, which is similar to the results of Dávalos [18] and Bölük and Mert [10] , who investigated the related data of APEC and EU countries, respectively.
Next, DOLS and FMOLS techniques were applied to determine the long-term elasticity of CEI with respect to ECI, FECS, and PCGDP for panel, and the D-H panel causality test was then used to explore the existences and directions of the causal relationships among the variables, due to the endogeneity and heterogeneity possibly existing in the panel model. These empirical findings revealed that in the examined countries, energy factors affected development mode, and vice versa, and economic development level had a significant influence on energy factors and development mode.
Furthermore, this paper estimated the long-run CEI elasticities with respect to ECI, FECS, and PCGDP for individuals applying the FMOLS approach, so as to explain the specific nexus among the four variables in the sample countries. The results showed that in most countries, ECI and FECS had significant and positive effects on CEI, indicating that the improvement of energy use efficiency and the optimization of energy use structure (indicating the reduction of fossil energy use) can help to decrease the CEI, in other words, to achieve a low-carbon development mode. In addition, PCGDP has positive influence on CEI in seven countries, while it has a negative influence in eight other countries, revealing that the current development modes in the seven countries will promote CO 2 emissions continuously, which is unsustainable. For the remaining four countries, where the elasticities are not significant, governments should pay more attention to other factors affecting CEI, such as energy factors.
In line with the above empirical findings and discussions, some policy recommendations are proposed in this section. Firstly, considering the presence of CD issue in the panel, some international agreements, such as the Copenhagen Accord and Paris Agreement on Climate Change, are necessary, binding, and effective. Secondly, the improvement of energy use efficiency and the optimization of energy utilization structure can help to achieve a low-carbon development mode, as suggested by the results of FMOLS and DOLS for panel, having an important implication for the implementation of future policies on promoting the application of efficient energy use technologies and reducing the fossil energy consumption share. Finally, long-run elasticities estimation results for individuals showed that for different countries, energy factors and development level influence development mode differently. It can be inferred that there is no unified policy applied to all countries, and each country should formulate the policies that are consistent with its actual situation, so as to achieve a sustainable development mode with low carbon emissions.
Although this paper successfully explained the relationship between carbon intensity, economic development level, and energy factors (utilization efficiency and consumption structure) in G20 countries by employing the heterogeneous panel analysis approaches, there are still some limitations of this paper. Firstly, this paper used a semi-logarithmic model to explore the nonlinear relationship between the variables. In fact, the relationship between variables is not necessarily the form given in this paper. For example, it may be in the form of the environmental Kuznets curve (EKC). Therefore, exploring the relationship between variables under the EKC framework and comparing the results of EKC model with that in the logarithmic form can reveal the relationship between variables more deeply. Secondly, this article explored the factors that affect carbon intensity, including the level of economic development and energy factors. However, in the context of globalization, international trade will also have an impact on carbon intensity, which is not considered in this paper. In future research, international trade, investment, and other factors can be added in order to more fully reflect the impact mechanism of carbon intensity. Finally, the results of this study indicated that there were differences in the factors affecting carbon intensity among G20 countries, but the reasons for these differences were not further investigated. Therefore, in future studies, the more targeted time-series analysis techniques can be adopted for each country to explore its carbon intensity influencing factors, which can reflect the role each G20 country can play in the global carbon reduction process from a deeper level, instead of the role of the G20 mechanism described in this paper.
Discussions
The G20 includes large energy producing and consuming countries, as well as developing and developed countries. It can also play a coordinating role in the international energy organizations, such as IEA, OPEC, and so on, and the international economic organizations, such as the International Monetary Fund (IMF), the World Bank, the World Trade Organization (WTO), and the United Nations Conference on Trade and Development (UNCTAD). The G20 can largely overcome the major contradictions that have existed in the long-term global carbon emission reduction governance. Its membership and joint capabilities can greatly ease the contradiction and democratization among the subjects. Its strong coordination ability can integrate existing mechanisms and solve the problem of fragmentation of governance mechanisms, and its action ability and governance effectiveness can also effectively coordinate the differences in governance concepts.
The G20 has the willingness and ability to coordinate the interests of all parties in the world and mobilize all resources to implement global economic and carbon emission reduction governance.
In the area of global carbon emission reduction governance that involves many overlapping issues, the G20 can effectively integrate carbon emission reduction with related issues such as energy, finance, and trade, showing that it is the only international governance mechanism that can play a global leading role today. Therefore, from the perspective of governance structure, governance capacity, and governance effectiveness, G20 can develop into the main coordination center for global carbon emission reduction governance.
In fact, the importance of G20 in the world has become increasingly prominent. For example, under the G20 framework, the issue of sustainable development in developing regions such as Africa has been emphasized, which has increased the global legitimacy of G20. At the same time, this effort has had a huge and decisive influence on the global governance system, that is, the UN Millennium Development Goals have been successfully upgraded to global sustainable development goals on schedule in 2015. In addition, G20 has been coordinating global climate governance policies among its members, which has accelerated the progress of the UN climate negotiations and finally reached the Paris Agreement. Therefore, some scholars believe that G20 will become the 21st century concert mechanism of powers.
Therefore, this article focused on the G20 countries and examined the relationship among the G20 countries' economic development mode, economic development level, and some energy factors, reflecting the main influencing factors and degree of impact of carbon emissions intensity in the overall G20 and each country, which is in line with the current trend of the G20 as a global carbon emission reduction governance coordination center. The research results of this paper show that there are serious energy and economic development imbalances among G20 countries, which make these countries have different and even conflicting interest needs and values in the process of jointly promoting global carbon emission reduction governance, resulting in mutual restraint or even offsetting of each other, which greatly affects the efficiency and effectiveness of global carbon emission reduction governance. In addition, G20 is mainly committed to responding to global economic governance issues that focus on finance, so it cannot be a single global carbon emission reduction governance mechanism, meaning that the status of carbon emission reduction issues in the G20 is fluctuating. Moreover, the G20 Summit is held alternately among member states. The host country has the priority of setting an annual meeting agenda, while other member states also have the power to shape the agenda according to their own preferences, which hinders the G20 from playing a leading role in global carbon emission reduction governance.
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